Grapes are an important crop in several countries, including Brazil. This study was conducted to evaluate the potential of PK rock biofertilisers on grapes (Vitis vinifera) grown in the San Francisco Valley of the Brazilian semi-arid region. Three sources of PK fertilisers, PK soluble fertilisers, PK rock biofertilisers, and powdered PK rocks, which were all mixed with earthworm compound, and a control treatment consisting only of earthworm compound were tested at three rates. The soil pH, available P and K, exchangeable Ca +2 and Mg
Introduction
Grapes (Vitis vinifera L.) are a major crop in many countries, especially in Europe, the United States, Australia, Chile, Argentina and Brazil. In Brazil, the most important grape fields are found in the uplands of the sub-tropical Rio Grande do Sul state. Recently, grape production has extended into the semi-arid region along the San Francisco River Valley in Northeastern Brazil, where two grape harvests per year are possible with adequate irrigation. Viticulture is always intensively managed, with high agrochemical inputs, including fertilisers (Leão, 2003) .
Farmers commonly apply soluble fertilisers to grow grapevines effectively and efficiently. A new concept for long-term growing crops, such as grapes, is using slow-release rock and mineral fertilisers as a means to provide nutrients to soils and crops. Slowrelease rock fertilisers include P-and K-rich rocks and minerals such as phosphate rocks, biotite and other K-rich volcanic rocks (van Straaten, 2002 (van Straaten, , 2007 .
A way to increase nutrient availability from these products is the use of solubilising microorganisms to produce organic and inorganic acids that attack the rocks (He et al., 1996) . Sulphur oxidising bacteria of the Acidithiobacillus genus oxidise elemental sulphur to sulphate, and thus increase the P availability in the soils (El Tarabily et al., 2006) . These bacteria occur naturally in soils, although they are not as abundant in agricultural soils.
There is little information about the effects of elemental sulphur inoculated with oxidative bacteria in the production of K biofertilisers. Biofertilisers from P-and K-rich rocks plus elemental sulphur inoculated with Acidithiobacillus have obtained good results for cowpeas, yam beans and first-year sugarcane that are cultivated in acidic soils of the rain forest zone in Northeastern Brazil as reported by Stamford et al. (2004 Stamford et al. ( , 2006 Stamford et al. ( , 2007 . However, no data are available on their use under semi-arid conditions. This study compares the effects of PK soluble fertilisers, biofertilisers and powdered rocks, which were applied at different rates, on some soil attributes and on grape yield in the Brazilian San Francisco Valley.
Materials and methods

Biofertiliser production
The biofertilisers were produced with "Gafsa" natural phosphate, containing 13.6% total P, and with potassium-bearing rock (biotite) from Santa Luzia, Paraiba, Brazil, containing 9% total K. The data for P and K powdered rocks and P and K biofertilisers mixed with organic matter (OM) are presented in Table 1 . Soil properties and grape yield affected by rock biofertilisers with earthworm compound The biofertilisers were prepared separately for P and K by mixing each rock with fine powdered elemental sulphur (200 mesh; inoculated with Acidithiobacillus bacteria) using a 10:1 mass-to-mass ratio. The sulphur oxidative bacteria were cultivated in a specific medium (El Tarabily et al., 2006) , in 125 mL Erlenmeyer flasks, at 180 rpm and 24-25 °C, for 5 days. The Acidithiobacillus was applied at 10 7 viable cells mL -1 via an inoculation of a 1:10 (v:v) mixture with distilled water, which was subsequently pulverised into 20-cm deep layers of the rock-sulphur mixture. The mix was kept near field capacity for 60 days, after which the pH in water and the available P and K were determined following the method of Embrapa (1997) with the following results: BP-pH 3.3 and available P 50 (g kg ).
The P and K biofertilisers were mixed 1:4 (m:m) with earthworm compound (OM) to neutralise excessive acidity to a final pH of 6.1 and 6.0, respectively (Table 1) .
Soil and experimental conditions
The field experiment was conducted at a production The soil was a medium texture dystrophic Planosol (Embrapa, 1999) that was representative of the region, with low available P and K, predominantly used to grow grapes and mangoes. The chemical and physical properties of the soil were analysed in soil samples that were collected before the experiment.
The soil was analysed using Embrapa (1997) ): sand = 650, silt =169 and clay = 181.
The table grape cultivar "Italia Pirovano" was used due to its high commercial and agricultural value in the region (Leão, 2003) . Grape seedlings at 90 days 
Experimental design
The experiment was a factorial arrangement of the fertiliser sources (soluble fertiliser, biofertiliser, pow- A control treatment with earthworm compound
(1 L plant -1
) and without P and K fertilisation (P 0 K 0 ) was used for comparative purposes. The earthworm compound was commercially available in the regional market with pH (H 2 O) 7.9, total N 0.5 (g kg -1 ), available P 2.0 (mg kg -1
) and available K 5.0 (mg kg -1 ).
Soil analysis and grape yield
The 
Results and discussion
Soil properties
The soil pH, available P and K and soluble S-SO 4 -2 are shown in Table 2 with the regression equations in In the equation, 'X' corresponds to the fertiliser that was applied at the recommended rate and 'Y' corresponds to the soil property that was analysed. NS= not significant.
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Soluble fertilisers and PK biofertilisers presented higher amounts of available P and K than powdered rocks or the control treatment without P and K fertilisation (Table 2) . These results are similar to those of Stamford et al. (2006) showing the effects of PK rock biofertilisers that were applied to sugarcane cultivated in coastal tableland soils with low available P and K, especially at higher application rates.
The effects of fertilisation (sources and rates) on S-SO 4 -2 were observed when a PK biofertiliser was applied (Table 3 ), especially at a higher application rate (150% recommended rate), probably due to the sulphuric acid produced by the Acidithiobacillus. This finding explains the increase in available nutrients that are contained in the P and K rocks after the production of the PK rock biofertilisers compared to the original rocks that were used to produce the biofertiliser (Table 1) .
The exchangeable Ca and Mg, total Fe and organic carbon are shown in Table 4 with the regression analyses in Table 5 . Both PK biofertiliser and PK rock increased the exchangeable Ca and Mg in the soil by approximately 100% when compared to either soluble fertiliser or the control treatment. Similar results were observed by Stamford et al. (2006) , who evaluated PK rock biofertilisers on growth of sugarcane in a coastal table and soil, and Moura et al. (2007) , who assessed melons that were cultivated in the semi-arid soil of the San Francisco region. The values with the same capital letters, indicating are not significantly different comparisons of the rates in the same PK source and the values with the same small letters, indicating comparisons of the same rate in the different sources, were not significantly different by the Tukey's test (p=0.01). The effect of Ca and Mg release from apatite and biotite rocks was demonstrated by Novais and Smith (1999) and Nascimento (2003) , who applied very high rates of powdered rocks. In this case, the effect may be promoted by the native oxidative bacteria from the soil that influenced the liberation of elements contained in the rocks during the period of plant growth.
According to Nahas (2007) The effect of the application rate on the total Fe was more than ten times higher when PK biofertiliser was used than for either of the remaining PK sources (Table 5) , and the effects on organic carbon were similar though not as strong. The effect of minerals to increase the release of potassium was described by Bortoluzzi et al. (2005) and may be produced by a reaction with goethite and hematite that often occurs in humid tropical regions, especially in soil submitted to high moisture and elevated temperature.
Grape yield
There was a significant source x rate interaction for grape yields (Table 6 ), indicating that at the recommended rate or lower, a significant yield increase was found for soluble fertiliser over biofertiliser.
However, this increase did not occur at 150% of the recommended rate. Both soluble and biofertiliser PK sources produced significantly higher yields than Soil properties and grape yield affected by rock biofertilisers with earthworm compound et al. (2005, 2006) and Moura et al. (2007) conducted field experiments comparing soluble fertilisers and biofertilisers on the growth of cowpea, sugarcane and melons, respectively, and observed a greater response to biofertiliser application in a shorter time frame, even for the perennial sugarcane, when compared to grapes. Stamford et al. (2004) had described the effect of applying P biofertiliser, compared to soluble phosphate or a rock phosphate and sulphur mix that was not inoculated with Acidithiobacillus, on mimosa grown in an acid soil and found a gain for the biofertiliser. However, Klepker and Anghinoni (1995) found higher corn yields for soluble fertiliser than for acidulate rock apatite from a different origin. These results indicate the continued need for localised research on alternate fertilisers.
Conclusions
This study demonstrates for the first time that biofertilisers that are produced with phosphate and potash rocks plus elemental sulphur inoculated with Acidithiobacillus may be used as a source of P, K, S-SO 4 -2 and Fe to improve grape yields in soils with low availability of P and K.
